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Abstract 
An improved cellular automaton model is proposed to simulate the evacuation processes in a large classroom by 
considering the different exit choosing and movement rules. The effects of the different influence coefficients on the 
evacuation time are investigated, and the typical characteristics of space-time dynamics are analyzed. The numerical 
simulations show that the model can better reproduce realistic evacuation phenomena, such as route-choice behaviors 
and bottleneck effects at the exits. Especially, when the distance to exit and the local density distribution of 
pedestrians are considered synthetically, the evacuation time can be reduced apparently, which is more reasonable 
and realistic. 
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1. Introduction 
In recent years, various accidents caused by pedestrian jams and trample of crowd have happened 
frequently. Great attention has been paid to pedestrian evacuation from the different buildings, which has 
become the most exciting topic on the pedestrian flow. Especially, the safety evacuation of students in 
classroom has attracted considerable attention. Several models, such as social force model, hydrodynamic 
model [1], lattice gas model and cellular automata model [2-14], have already been applied to simulate 
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the evacuation process. Since the cellular automaton model is conceptually simpler and can be easily 
implemented on computers for numerical investigations, it has become a particularly interesting choice 
for the most scholars. Yang et al [3] proposed a new cellular automata model to simulate pedestrian 
evacuation by considering the position danger grade and the fire danger grade so as to determine the rules 
of the pedestrian movement. The simulation shows that the model is good at simulating evacuation 
behaviours such as the arching and clogging around the exit. Varas et al [4] have studied the process of 
pedestrian evacuation in a room with fixed obstacles by using a bi-dimensional cellular automaton and 
found that replacing the double door by two single doors does not improve evacuation times noticeable. 
However, the above researches can not simulate the evacuation process accurately enough when the 
pedestrians are distributed heterogeneously. For example, some people assemble densely in a specified 
zone of a building.  
For this consideration, we presented an improved cellular automaton model to simulate pedestrian 
evacuation from a large classroom with obstacles by considering the exit choosing behaviors and 
movement rules, and focused on studying the influences of the local density distribution of pedestrians. 
This paper is organized as follows. In section 2, an improved cellular automaton model is proposed, and 
the sets of the exit choosing and movement rules are described. Numerical simulation and results analysis 
are shown in section 3. Finally, conclusions are drawn. 
2. Model 
The classroom is described by a two-dimensional grid. The underlying structure is the square lattice of 
31 20u cells. The size of a cell corresponds to 0.5 0.5m mu . Each cell can be empty or occupied by an 
obstacle (or a pedestrian). The pedestrian can move to eight directions and arrive to an adjacent empty 
cell in one time-step (see Fig.1 (a)). The average speed of pedestrian is around 1m/s under normal state 
and is around 1.5 /m s  or faster under emergency state. In our model, 1.0 /v m s  or 2 /v m s , and one 
time-step corresponds to 0.5 s. The classroom has two exits: one is on the left and the other is on the right. 
Each exit occupies 3 cells. The dais also occupies 3 cells. There are 168 seats in the classroom. A desk 
and a chair occupied 1 cell, respectively. When the students stand up, the chair will be folded 
automatically and does not occupy the space except the backrests of the last row of chairs, which 
resemble a ³wall´ and prohibit anyone through it. The detailed layout of the classroom is shown Fig. 1(b). 
         
Fig. 1 Sketch of the model. (a) the possible directions of motion for a pedestrian;  (b) the layout of the classroom. 
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2.1. Choosing exit rules  
   When the pedestrian chooses the exit rationally, two main factors should be considered: (1) the spatial 
distance between the exit and the pedestrian; (2) the crowd degree of the pedestrians around the exit. Here, 
the attraction degree of the left (L) and right (R) exit is defined as follows: 
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where ,( ) ( , )L RG i j  is the value of the floor field to the left (L) and right (R) exit at lattice site ( , )i j . The 
definition and value of ,( ) ( , )L RG i j  are the same as in Ref. [4].   ( , )L RM i j  is the number of the pedestrian, 
where value of the floor field (see Ref. [4] for a detailed discussion of this point) is lower than that of 
the  , ( , )L RG i j . D is the influence coefficient of the choosing exit, and 0 1.0Dd d ˊThe pedestrian 
usually choose the exit with higher attraction degree. When the attraction degrees of two exits are same, 
both of them can be chosen with the same probability. 
2.2. Movement rules  
Several aisles are composed of desks and chairs in the classroom. When the pedestrian choose the aim 
cell, they may consider the value of the floor field of the aim cell and the local density distribution in the 
classroom. Here, the total danger degree is defined as follows: 
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where the subscripts of L  and R  denote the left and right exit, respectively. ( ) ( , )L RN i i j j' '  denotes 
the number of the pedestrian in the aisles, where the pedestrian of the lattice ( , )i j  passes the cell 
( , )i i j j' ' and arrives the left (right) exit, here, 1,0, 1,0i j'  r '  r . If the neighbouring lattice 
occupied by a desk or a pedestrian, the values of  L RG  and  L RN  are 0, and the value of  L RD  is f . E is 
the influence coefficient reflecting the strength of choosing exit after the local density distribution is 
considered, and 0 1.0Ed  . The pedestrian movement obeys the following rules:  
(1) In the region of aisle occupied by desks and chairs, the total danger degree  L RD  of the 
neighbouring lattices will be compared and the lattice with the lowest value of  L RD  will be chosen as the 
aim lattice. If  L RD  of the aim lattice is lower than that of the lattice where the pedestrian locates, the 
pedestrian will move to this lattice. If  L RD  are equal, the pedestrian may move to the aim lattice or 
remain the original lattice with the same probability. Here, it should be noted that if  L RD  of the aim 
lattice is higher than that of the original lattice, the pedestrian still move to the aim lattice with 20% 
probability in order to reflect the unreasonable action induced by panic in the emergent evacuation. When 
pedestrian can choose several aim lattices, only one of them can be chosen with the same probability. 
(2) In the region of the exits (see region A and region B in Fig.1 (b)), the aim lattice will only be 
chosen by the value of the floor field, and the choosing rules of the aim lattice are mentioned above. 
1069Ling Fu et al. / Procedia Engineering 31 (2012) 1066 – 1071
 
2.3. Avoiding conflicting  rules  
All pedestrian obey the above rules to move, but when several pedestrians intend to move towards the 
same lattice, the confliction will occur inevitably. Here, as the same method in Ref. [4], the pedestrians of 
vertical and horizontal direction movement have a priority to move towards the aim lattice earlier than 
those of diagonal directions. 
3. Simulation results and analysis 
There are 168 pedestrians in a large classroom, and the process of pedestrian evacuation is simulated 
100 times by the computer. The result is averaged over them. 

Fig.2. Plot of evacuation time t against influence coefficients D (a) and E (b), respectively. 
 Figure 2 shows the plot of evacuation time t against influence coefficients D and E , respectively. 
From Fig.2 (a), we can see clearly that for 0.0E ! , the evacuation time decreases with the increase of D  
as 0.6D  , and has the minimum value as 0.6D  ; while as 0.6D ! , the evacuation time increases with 
the increase of D .This means when D is small (see. Eq. (1)), pedestrian consider the floor field too much, 
i.e., the pedestrian prefers to escape classroom from the nearest exit to them, and ignores whether the exit 
is crowded. This behaviour directly leads to lower utilization efficiency of exit, and the evacuation time 
increase. On the other hand, when D  is larger, the pedestrian considers the local density distribution so 
much as to hesitate and wander between two exits, and the evacuation time increase inevitably. In 
addition, When the D  is appropriate (e.g., 0.6D  ),  the floor field and the local density distribution of 
pedestrians are considered synthetically, the evacuation time is the smallest, and the evacuation efficiency 
is the highest.  
In Fig.2 (b), we can see clearly that when 0.4E  , the evacuation time is larger, with the increase of 
E , the evacuation time almost tends to constant. When 0.4E  , the pedestrian focus on the floor field, 
and ignore the distribution of pedestrians in classroom. However, when 0.4 1.0Ed  , the pedestrians 
consider the floor field and the distribution of pedestrians, they can select the appropriate aisle and exit to 
escape, and then the evacuation time become smaller.  
Figs.3-6 give the snapshots of a simulation with different D and E , where the full circle represents the 
pedestrian. From Fig.3 and Fig.4, it can be found when 0.0E  , the jam would occur more easily 
between desks and chairs. Because the pedestrian have not considered the distribution of local density at 
different aisles, and only selected the shortest route to exit, the aisles have not been utilized adequately, 
which results in the increase of the evacuation time. Compared with Fig.3, Fig.4 is more reasonable and 
realistic about the distribution of pedestrians at exits. 
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Fig.3. Snapshots of a simulation at different times (a) t=10, (b) t=40, (c) t=60, where 0.0, 0.0D E  .  
 
Fig.4. Snapshots of a simulation at different times (a) t=10, (b) t=40, (c) t=60, where 0.6, 0.0D E  . 
 
Fig.5. Snapshots of a simulation at different times with (a) t=10, (b) t=40, (c) t=60, where 0.0, 0.5D E  . 
 
Fig.6. Snapshots of a simulation at different times with (a) t=10, (b) t=40, (c) t=60, where 0.6, 0.5D E  . 
Comparing Fig.5 with Fig.6, we find that when 0.6, 0.5D E  , i.e., the floor field and the local 
density distribution of pedestrians are considered synthetically (see Fig.6), the aisles and free space in 
classroom are utilized adequately, and the jams obviously decrease. In such case, the evacuation time is 
the shortest, and the evacuation efficiency is the highest. 
4.  Conclusions  
To explore the typical characteristics of the evacuation processes, we have presented a modified 
cellular automaton model to investigate pedestrian evacuation in a large classroom with obstacles. The 
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exit choosing mechanisms, movement rules and avoiding conflicting rules are illustrated, respectively. 
Through the numerical simulation, a shortest evacuation time can be obtained when the distance to exit 
and the local density distribution of pedestrians are considered synthetically. We hope that our model can 
be extended to investigate emergency evacuation from other common buildings with obstacles. 
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